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For the last two Unes of Paragraph 33, Page 3i, read— 
" (W-- 1) X (2V- 2) + 6 = 6 X 5 + 6 = 36. and the actual strain 



36 

upon it is ^ TT X — ." 
49 



In Fig. 21, Plate 3, for the numbers 0, 1, 3, 6, 10, 16, 21, 28, 

read *' 0, 2, 6, 12, 20, 30, 42, 56.'' 
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PREFACE. 



From a varied experience in the practice of Civil Engi- 
neering, thB subject of the present treatise appears to 
me one of the most difficult branches of the profession. 
My engagements oriate years have induced me to 
study it with peculiar attention, as I was appointed in 
1852 to assist the principal officers of theOrystal Palace 
Company at Sydenham, in calculating the strength and 
designing the details of the Company's works ; and my 
subsequent practice, arising in a great degree from this 
connection, has partaken much of a similar character. 
I foiind great difficulty, however, in acquiring a com- 
plete knowledge of the strains on the several parts of 
iron framings, as the works of previous authors, though 
displaying great talent and research, have left much 
undetermined or obscure which is necessary to the de- 
signer of such structiures. I have laboured to supply, 
in some measure,, these deficiencies, as I found them 
recurring in my practice ^ and now venture to lay 
before my professional brethren these results of my 
study and experience, in, the hope that their embodi- 
ment in a simple and practical form may facilitate their 
labours in design, and promote the comprehension of a 
branch, which the growing preference for ironwork in 
engineering structures invests with well-acknowledgecl 
importance. 



F. W. S. 



47, Parliament Street, Westminster, 
January l^th, 1861- 
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THE STRAINS 



STRilCTURES OF IRONWORK. 



1, An increasing preference for the employment of 
ironwork in engineering and architectural structures, is 
a feature in the history of modern practical science. 
Since the completion of the Britannia Tube, in parti- 
cular, the subject has received a rapid development; 
and such works can now be constructed, not only on a 
scale of greater magnitude, but, (though the material 
itself is more costly than any other in general use,) 
with greater economy than before. Such an apparent 
anomaly is due, partly to the inherent strength of iron, 
and partly to its peculiar capacity for being formed into 
such dimensions and shapes as shall meet the varying 
requirements of the strains on each portion of the 
structure. Thus the requisite quantity of the material 
is supplied in each case, without any being lost to use, 
and an economy upon the whole is the result. 

2. A knowledge of the scientific principles on which 
such strains are determined, as well as a practical ao- 
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quaintance with the mannfactiire of ironwork, are 
therefore the essential qualifications of the engineer 
who designs this description of work. Their eluci- 
dation is the object of this treatise, and it is therefore 
proposed briefly to enter upon the investigation of the 
strains, as they are found in the forms of iron con- 
struction in general use. 

3. The pressures on loaded beams or girders will first 
be considered, in which the several parts of the structure 
are subject to strains of tension and compression, accord- 
ing to their positions in the beam and to. the position 
of the loading. 

Commencing with the simplest case, where a beam is 
supported at each end, and sustains a weight in the 
centre, as in Fig. 1, the following strains are produced. 

The weight is first received by the beam, arid i^ trans- 
mitted eventually by it to the piers or points of support. 
Each of these piers, when the weight is at the centre, 
sustains a vertical pressure equal to one half of the 
weight, and (by the law of mechanics, that action and 
reaction are equal,) impresses upwards in return upon the 
end of the beam resting upon it, a vertical strain of the 
like amoimt which is transmitted through the beam* 

Independently of these vertical pressures, there are 
horizontal strains induced at the centre which act along 
the top and bottom of the beam.* The tendency of 
the weight is to deflect and break the beam in the middle 
by compressing or crushing the horizontal fibres in the 
top portion, and by extending or tearing asunder the 
fibres at the bottom* The compressive strain at top, 

♦ These pressures are usually provided against in iron girders 
by placing a suitable quantity of metal in the shape of flanges 
-along the top and bottom of the girder. 



and the tensive at bottom are equal, and by considering" 
each half of the beam as a lever, are found equivalent 
to one half the central weight, increased by the leverage 
due to half the length of the beam divided by its depth. 
Thus if W be the weight, L the length or span, and D 
the depth, the strain on the top or bottom flange will 

amount to iW x t=^= — , ^ at the centre: 

and when the girder is of uniform depth as in Fig. 1, 
these strains diminish regularly and gradually from the 
centre to the end, where they disappear. 

It foUows conversely from this rule, that if the depth 
were diminished regularly from the centre to the ends, 
as shewn by the dotted lines in Fig. 1, the strains on the 
top and bottom flanges would be uniform throughout 
with a central load. 

4. When the weight is placed at unequal distances 
between the piers, the portions of it sustained by each 
pier are in the inverse ratio of the distances of the 
weight from the piers. Thus, if the weight be placed 
at one-fourth of the span, the farther pier from the 
weight will sustain one-fourth of it, and the nearer pier 
three-fourths ; and the vertical pressures in the girder on 
each side of the weight will be in the like proportion. 

The horizontal strains at top and bottom, as described 
in the last paragraph, are foimd by multiplying the por- 
tion of the weight transmitted to one of the piers, by 
the distance from the weight to that pier, and dividing 
the product by the depth of the beam. 

5. When a beam, as in Fig. 2, is uniformly loaded 
throughout its length, each pier sustains a pressure 
equal to one-half of the total weight, and the end of the 
beam receives by reaction, as described in paragraph 8^^ 
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a vertical pressure of the same amonnt ; then if W be 
the total weight of the loaded beam, L its length, and 
D its depth, the following expressions wiU give the 
strains. The vertical pressure commences at the centre, 
and increases or accumulates regularly to each end, 
where it is ^W, and the horizontal strains at top 
and bottom at the centre of the beam are equal to 

WxL 

^ yv . Comparing this expression with that in para- 
graph 8, it follows that a distributed load causes only- 
half the horizontal strains at the centre produced by the 
same loading if collected at the middle of the beam. 
When the depth of the girder is uniform, the horizontal 
strains diminish from the centre to the ends, where they 
disappear, but the proportion of diminution is not re- 
gular, as in the case of a central load. The ratio of the 
strain at the centre to the strain at any other point, is 
as the square of half the length of the beam to the 
rectangle or multiple of the segments into which the 
beam is divided at that point. In this way it is found, 
that if the beam be divided into ten equal parts, and 
the strain at the centre caUed 1, the strain at the other 
parts in succession counting from the centre will be '96, 
•84, '64, 'Se, and at the end ; and, if the actual strain 
at the centre be multiplied by these decimal numbers, 
it will give the strain at those points. It foUows, con- 
versely from this rule, that if the depth were varied in 
the same proportions, as shown by the dotted lines in 
Fig. 2, the strains on the top and bottom flanges would 
be uniform throughout with an equally-distributed load. 
It should also be observed, that when the distributed 
loading extends over a portion only of the structure, the 
centre is subject to an increase of vertical pressure which 
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reaches a maxiiiium when one-half of the beam is so 
loaded ; the central vertical pressure is then equal to 
one-eighth the weight of the fully-loaded beam. This 
often occurs in practice, as, for instance, in the case of a 
railway bridge which is variably loaded during the pas- 
sage of trains. 

TEAMED GIEDEES. 

6. The simplest form of framed girder for the pur- 
poses of calculation, though not the best for practical use, 
is that with the top and bottom flanges parallel and 
connected by single triangular bracing,' as shown in Pig. 8. 
If such a girder be loaded either at the centre, or at 
each of the points of meeting of the braces,* the 
following strains will be called into action, viz. : — 

1st. A strain of compression on the top horizontal 

member or flange. 
2nd. A strain of tension on the lower horizontal 

flange. 
3rd. Vertical strains of alternate compression and 

extension on the braces, which convey the load 

to the piers. 

Supposing in the first instance, a weight "W", Pig, 3, 
placed at the centre, then one-half of it is transmitted 
by the framing to each pier alike, and the eJBfects upon 
the structure are as follows : 

The weight ^W transmitted to pier 1, first bears 
upon the parts next it Jc and «, and as ^ is horizontal 
and unsuited to sustain vertical loading, the weight 

* A distributed load over a framed girder of any description is 
usually dealt with for convenience of calculation, as if collected in 
equal portions at the points of meeting of the braces. 
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■|W IS supported by the brace <2, upon which it induces 
a tension equal to ^W increased in the proportion of 
the length of the brace a to its vertical depth from W 
to y. The tension in a then puUs upon the parts g and 
h to which a is connected, and causes strains of com- 
pression upon them. The compression in the bay g is 
met and sustained by an equal and opposite strain upon 
it, produced in like manner by the second half of W 
while being conveyed to the further pier '2,* arid the 
compression in b acting downwards, causes tension on c 
and h^ the latter basing met as at top by an equal and 
opposite tension from the other side of the centre. In 
like manner the tension on c causes compression on d 
and on A, the compression on d causes tension on e and on 
/, the. tension on e causes compression on iand on/, and 
lastly, /causes tension on m^ and transmits the weight 
^W to its final support on the pier. 

7. In this process, the braces «, <?, and ^, cause strains 
of compression on the top flange, acting in each case 
from the point of junction of th^ flange and brace up 
to the centre of the girder at y ; so that the central bay 
g receives three distinct compressive strains, the second 
bay h two strains, and the end bay i one. In like 
manner the braces ^, c?, and / which cause tension on 
the bottom flange^ induce three, two, and one, distinct 
strains, respectively on the bays hy /, and m ; and all 
these strains, both tensive and compressive, are met by 
equal and opposite strains on the other side of the 
centre. The strains upon the braces are equal through- 

* It may be useful to younger students to state, that these two 
strains, which re-act upon each other, cause a single pressure only 
upon the horizontal part g; so also with the bottom central 
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out in a regular, figure, and are tensive and compres- 
sive alternately. 

8. If the vertical depth on the diagram be supposed 
to represent ^W, the leqgths of the bays and braces will 
represent in proportion the amounts of their own 
respective strains, which may be arrived at geometrically, 
thus : — Let Fig. 4 represent the half of Fig. 3, and make 
s tzz^W by a scale of equal parts, draw the parallels 
V X (through t) and x y ; then, measuring by the same 
scale, sx gives the tension on the brace «, and by the 
resolution of forces, s v and sy give the compressions on 
the next brace and on the top flange. The strains on 
the bays y, A, and i. Fig. 3, will, as explained in the last 
paragraph, be respectively, thrice, twice and once, that 
indicated by ^ y in Fig. 4. 

In the last bay m, of the longer flange, however, the 
tensive strain is but one-half that on the other bays. 
This . may be seen by supposing the vertical support of 
the pier replaced by an equivalent weight hung over a 
puUey as shown in Fig. 4 ; when the parallelogram of 
pressures resulting from the strain on the last brace 
which puts ca and cd into tension, is represented by 
abed, and the strain on the last bay by cd, or half that 
of the other bays. The terms of progression of the 
strains on the bays of the longer flange, therefore, 
instead of 1, 2, 3, as above-mentioned, wiU be \, \\, 
and 2^. 

9. When the weight is at unequal distances between 
the piers, the portions of W supported by each pier are 
in the inverse ratio of the distances of the piers from 
the weight, which ratio may be conveniently expressed 
in terms of the number of bays. Thus, referring to 
Fig. 3, if W be placed at the lower end of the braces 
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c and 3, which is two hays from pier 1, and four hays 
from pier 2, there heing six hays altogether in the 
structure, the pier 1 will support four-sixths, and the 
pier 2 two-sixths of the weight. Again, if W he placed 
at top, at the intersection of the hraces d and c, which 
is one and a half hay from pier 1, and four and a half 
hays from pier 2, the pier 1 will support 4^ sixths or 
nine-twelfths of the weight, and the pier 2 three- 
twelfths. These respective portions of the weight will 
he conveyed to the piers hy the framing, and cause 
strains upon each part of the structure, in the manner 
descrihed in paragraphs 6, 7, and 8, for a load at the 
centre. 

10. It is shown in Fig. 3, that a weight at hottom 
causes tension in the two hraces connected with it. A 
weight at top, on the contrary, causes compression in 
the two adjoining hraces, and the strains alternate in 
each case upon the hraces from the weight to each pier. 

11. When weights are placed either at several or at all 
the points of intersection of the hraces, each weight 
acts separately throughout the girder as descrihed in 
the five preceding paragraphs, and the sum of their 
separate effects will he the total effect on each part of 
the structure. The weights always produce compres- 
sion on the top flange and tension on the hottom, so 
that the strains on these memhers are invariahle in their 
nature, and are greatest when the structure is loaded at 
every point. But in the hraces the comhined effect is 
different, as the strains upon them vary in nature as 
well as in amount, according to the position of the 
loading. For example, it will he seen from Fig. 8, that 
a weight suspended from the hottom causes tension in 
the two adjoining hraces, and in each hrace inclined in 
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tlie same direction to them from where the weight is 
placed to each pier respectively ; it also causes compres- 
sion in the braces inclined in the opposite direction. Now 
a little consideration will show that if the two points 
next pier 1 Fig. 3, were left unloaded, and weights 
placed at the other three points of intersection of the 
braces with the bottom flange, there would be tensive 
strains only caused in the central brace a ; and on the 
other hand, if the two points next pier 1 were loaded, 
and none of the others, there would be compressive 
strains only caused in the same central brace. There- 
fore, in designing a structure of this nature, subject to 
partial or movable loading, as occurs, for instance, 
during the passage of a railway-train, the brace a must 
be made capable of resisting separately both compressive 
and tensive strains to these amounts, so as to have the 
full strength required in every condition of loading to 
which the structure is liable. The end braces, however, 
are subject to strains of one nature only, which are 
compressive in the form shown in Figs. 3, 5, and 7, 
where the last braces bear upon the piers ; and tensive 
in the form shown in Figs. 6 and 8. 

The strain on the end braces, when the girder is 
loaded at all the points, is equal to half the sum of the 
weights (or half the entire weight of the structure), 
increased in the proportion of the length of the inclined 
brace to its vertical depth. 

12. The above general remarks will render the subject 
sufficiently intelligible to the practical engineer ; and it 
is now proposed to give the necessary formulse by which 
the strains on each part of the structure can be calcu- 
lated in the cases occurring in practice. 

13. In the case of girders with triangular bracing 
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loaded at the centre, as in Fig. 3, the strain on the top 
and bottom flanges at the central bay or pair of bays is 
found thus: 

Strain = -^^^ 

in terms of the central weight, length, and depth, as 
before* The strains in this case increase regularly and 
in arithmetical progression from the first bays next the 
piers to the central bays, the terms of this progression 
being 2, 4, 6, 8, &c., for the shorter flange (such as the 
upper flange in Fig. 3), and 1, 3, 5, 7, &c., for the longer 
flange (such as the lower flange in Fig. 3), which are 
equivalent terms of series to those mentioned in para- 
graph 8, but given in whole numbers for convenience. 

W L 

Therefore the actual central strain being found, 

then if a be called the term of the above progression 
applicable to the central bay, and b the term of the pro- 
gression applicable to any other bay, the central strain 
divided by «, and multiplied by b, will give the actual 
strain on that other bay. Thus if the central weight 
in Fig. 3 be 12 tons, the length between the supports 60 
feet, and the vertical depth 6 feet, then the strain on 

W L 12 X 60 
the central bays . n ^i; — ^=30 tons. The strains 

on the other bays are calculated thus : — 

Proportional numbers for bays in upper flange % 4, 6, tbe 
number applicable to central bay being 6. 

Ditto for bays in lower flange 1, 3, 5, the 

number applicable to central bay being 5. 

. "^ I'he strain on the central bays of the longer flange is in reality 
somewhat less than that on the central bay of the shorter, as ex- 
plained in the latter part of Paragraph 8 \ the diflerence, however. 
Is considered immaterial in practice. 
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18 tons. 


30 
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X 
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= 


30 tons. 



Strain on first upper bay 
Do. on second bay . , 
Do. on third or central bay 

Strain on first lower bay . 
Do. on second do. 
Do. on third do. 



The strains on tlie braces are in compression and 
tension alternately, but nniform throughout in amount, 
and are equal to half the central weight W increased in 
the proportion which the length of the inclined brace 
bears to its vertical depth, which may be measured by 
a scale of equal parts on a diagram of the girder as 
explained in paragraph 8. 

14. In the case of girders with triangular bracing 
loaded by equal weights placed at top or bottom, at all 
the joints where the braces meet the flange, the strains 
on the various parts are found as foUows : 

The strain on the central bay or pair of bays in 

WL 

the top and bottom flanges, is equal to q-jT in terms 

of the total weight, length, and depth of the structure. 
For the other bays, if N be the total number of bays in 
the longer horizontal member (such as the lower flange 
in Fig. 3), and n the number of any particular bay 
counting from the end of the longer flange towards the 
centre, being 1, 2, 3, 4, &c,, in succession, the formula 
2;^ (N + 1— ;^) — (N + 1) will give a series of numbers 
proportional to the strain on each bay from the pier to the 
centre. Then if a represent the number so found for the 
central bay, and h the corresponding number for any 
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other bay, the strain on that bay will be equal to the cen- 
tral strain I ^-^r ) divided by a and mnltipKed by d. 

For the shorter horizontal flange, such as the npper 
flange in Fig. 3, the same rule will apply, excepting that 
n must be represented by the series 1^, 2^, S^, 4^, &c., 
in succession from the pier to the centre, being in fact 
the horizontal distance from the point of support, 
expressed in the number of bays. 

Thus, if the structure represented in Fig. 3 be 60 feet 
in length, 6 feet in depth, and loaded at each point on 
top with a weight of 8 tons, giving 48 tons total load, 

then the strain on central bays y and i being 

8 D 

. T . 48 X 60 ^^ . 
is equal to = 60 tons. 

^8x6 

The terms of strains on the bays of Fig. 2, found by 
the formula 2 ^ (N + 1 — ^) — (N + 1) where N is equal 
to 6, are as follow : — 

Proportional Numbers for the Longer {lower) Flange. 

For the first Imy. . (2x1) x (6 + 1 — 1) — (6 + 1) = 5. 
For the second bay . (2 x 2) x (6 + 1—2) — (6 + 1) = 13. 
For the third bay . (2 x 3) x (6 + 1 — 3) - (6 + 1) = 17. 

The actual strain on centre bay being 60 tons, it 

follows from the formula — y.b given above, that — 

a 

Actual strain on first bay, next pier, = — x 5=1765 tons. 

17 

Do. on second bay . . .=— xl3=45-89 tons. 

Do. on third bay . . . ?-^x 17=60 tons. 
^ 17 

Proportional Numbers for the Shorter ( Upper) Flange, 

For the first bay . . (2x H) x (6 + 1-1^) - (6+1)= 9 5. 
For the second bay . (2x 2J-) x (6 + 1-2^) - (6 + 1) = 15 5. 
For the third bay . (2x8i) x (6 + 1-3^) - (6+1) = 17-5. 
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Actual strain on first bay . . . . — x 9 6=«3ii-68 tons. 

17-6 

Do. on second bay . . . -?^x 15 5:s563l6 tonfi. 

Do. on third bay . . . -^x 17-6 = 60 tons. 

17-5 

15. In the same description of girder, viz., with tri- 
angular bracing and distributed loading, the strains on 
the braces are found as follows. 

The strain on the brace next the pier, as abeady 
stated in paragraph 11, will be either wholly com- 
pressive, (as in Fig. 4,) or wholly tensive, (as in Fig. 4, 
if inverted and supported from above or below at the. 
same point c.) In either case, as before mentioned, the 
strain on the end brace will equal half the total weight 
of the loaded structure increased as the length of the 
brace to its vertical depth. 

The nature of the strains in the other braces is easily 
seen from the character of the girder and the position 
of the loading. Thus in Fig. 3, if all the weights be 
on top, the last brace / is strained wholly in com- 
pression, and the next brace e is subject to a small 
compressive strain from the portion of the last weight 
at the apex of/ and e (in this case one-twelfth), which 
is transmitted to pier 2, and to a tensive strain from all 
the other weights ; also the brace d, which is in mutual 
connection with e, will receive as much compressive 
strain as e receives tensive, and as much tensive strain 
as e receives compressive. So again with the pair of 
braces c. and 6, which similarly and mutually receive 
strains of equal amount, but of opposite character, the 
compression on c being equal to the tension on 6, and 
the compression on b being equal to the tension on c ; 
and so with each succeeding pair of braces to the centre 
of the girder. If all the weights be at the bottom, 

B 2 
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however, the last weight is at the lower end of the 
braces e and dy and / receives no weight but what is 
transmitted through e ; therefore e and / are equally 
strained, e being wholly: in tension and / wholly in 
compression, and the strain on each being that caused 
by half the weight of the structure, increased in the 
ratio of the length of the brace to its depth. The fol- 
lowing pairs of braces from these, viz. d and c, b and 
tty &c., will be mutually subject to strains of equal 
amount, but of opposite character, as before explained. 
Eegard being thus had to the position of the load- 
ing and to the nature of the strains which result from it, 
the following formulaB give a series of numbers express- 
ing the proportionate strains on each pair of braces as 
above described, in terms of the number of bays N 
contained in the longer horizontal flange. • 

strains of cnmpires- Strains of tension 
sic * ' 

For the brace or pair of braces 7 
as the case may be, next the pier. 3 
For the second pair of braces 
For the third pair of braces 
For the fourth pair of braces 
For the fifth pair of braces 
For the sixth pair of braces 
For the seventh pair of braces 
And so on. 

To illustrate this subject with more distinctness, and 
with convenience for practical use, the diagrams in Figs. 
5, 6, 7, and 8 are given in the plates, which exhibit 
the distribution of these strains in the cases commonly 
occurring in practice. 

In this manner a series of numbers is foxmd, represent- 
ing proportionate values of the strains on each brace, 
in terms of the number of bays in the longer flange. 
The actual strains can then be found thus. That on the 



or tenhiou. 


or cuiupresdiou 


N« 


none 


1 


(N-1)-^ 


(N-2)« 


4 


9 


(N-.3)'^ 


(N-4)* 


16 


25 


(N-5f 


(N-6)* 


36 
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end brace, as before mentioned, is equal to half the weight 
of the loaded structure, increased in the ratio of the 
length to the depth of the brace. Then if a be this 
actual strain on the end brace, b the proportionate num- 
ber on the end brace, and c the proportionate number 
on any other brace, as found by the above formulae, the 

expression ._ x ^ will give the actual strain on that 



other brace. 

. 16- It may here be appropriate to refer again to what 
was stated in the latter part of paragraph 11, respecting 
the necessity of making the braces capable of resisting 
separately the fuU amounts of tensive and compressive 
strains to which they may be subjected by variable 
loading. Should the load however, be not liable to in- 
crease or diminution, or should the strains be caused 
by the permanent weight of the structure itself without 
extraneous loading, the difference only of the compressive 
^nd tensive strains on any given brace need be provided 
for, when apportioning the strength of the material of 
which that brace is composed. Thus if the above 
formulae give nine tons of compressive and four tons of 
tensive strain on a brace, in a structure not liable to 
variable loading, the actual strain to be provided against 
would be only five tons of compression. It is only, 
however, in large structures that the distinction be- 
tween the two cases is appreciable in practice ; and its 
effect is never felt in the end braces, which receive the 
greatest stress, and are only subject to strains of one 
nature. 

17. It may be observed with reference to Fig. 3, that 
if the loading be placed at top, there are six weighted 
points, but if at bottom, only five, for the same girder. 
The difference in such cases is not material in practice 
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mi the fiill weigM of the loaded structure may be in-, 
eluded in the sum of the weights, whether five or six : 
in which case a weight on one of the five loaded points 
would be of course somewhat greater than a weight 
upon one of the six, though their total amount would 
be the same. 

CANTILEVEES. 

18. The strains on a loaded cantilever as in Fig. 9, 
are similar to those on a loaded girder as in Fig. 1, ex- 
cepting that on the horizontal members they are re- 
versed, the top flange now sustaining a strain of tension 
and the bottom of compression. This is evident by 
supposing a weight placed at c, Fig. 9, which in de- 
flecting or forcing down the end cdy causes a com- 
pressive or crushing effect from d to 3, and an equal 
tensive effect from c io a. These strains being induced 
by the end weight are equal to that weight modified 
by the leverage or the proportion of length to depth 
of the cantilever; and when the depth is uniform, as 
in Fig. 9, they commence at the end c d, and increase 
regularly to the place of support at a d, where they are 

L . 

equal to W x =j^ in terms of the end weight, and the 

length and depth of the cantilever. There is also a 
vertical pressure equal to W upon the pier at the point 
J, with an equal reaction throughout the cantilever 
itself, as explained in paragraph 3 in reference to the 
case of a loaded girder. 

It follows conversely from the above statement, that 
if a cantilever loaded at the end be formed, with the 
depth regularly increasing as in Fig. 10, the strains on 
the top and bottom flanges will be uniform throughout. 

19. In the case of a cantilever with equally-distri- 
buted loading, the effect at the place of support is, by 
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a law of meclianics, equal to that caused by the same 
loading collected midway upon the length of the lever. 
Therefore the greatest horizontal strains upon the top 
and bottom flanges, (which are produced as above ex- 
plained, at the places of support a and h, Fig. 9,) are 

equal to W x %-- or to AW x ~, in terms of the total 
D D 

weight, and the length and depth of the cantilever; 
being the same amount of strain at a b, that would be 
caused by half the distributed load placed at the ex- 
tremity c d. Supposing the depth to be uniform, the 
rate of increase of the horizontal strains from the end 
to the place of support is not regular, as in the case of 
a cantilever loaded at the end, but is in proportion to 
the squares of the distances from the end. In this 
way it is found, that if such a cantilever be divided 
into five equal parts, and the horizontal strain at the 
place of support be called 1, the strains at the other 
points will be respectively '64, '36, '16, '04, and '0 at 
the end;* and if the actual strain at the place of sup- 
port be multipKed by these decimal numbers, it will 
give the strain at those points. 

It follows conversely from the above statement, that 
if the depth be diminished in these proportions from the 
place of support to the end, as in Fig. 11, the strains 
on the top and bottom flanges will be uniform through- 
out with a distributed load. 

The vertical pressure on the place of support at b is 
equivalent to the total weight W, with an equal pressure 
reacting upon the part ab oi the cantilever above it, 
this pressure diminishes regularly through the canti- 
lever from thence to the end at c d, where it disappears. 

* These numbers arr proportional to the series of squares appli- 
; cable in this case, viz. 25, 16, 9, 4, 1, and 0, at the end. 
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CANTILEVEKS WITH TKTANGULAR BRACING. 

20- From the general explanations given in the two 
preceding paragraphs, the strains upon framings of this 
kind, such as shown in Figs. 12 and 13, are easily 
deduced. When they are loaded only at the extremitj^ 
c, the strains on the braces are equal in quantity 
throughout, and are equivalent to the end weight in- 
creased in the proportion of the length of the inclined 
brace to its vertical depth, which may be found by a 
scale of equal parts, as described in paragraph 8. The 
strain on the bay of the longer flange next the place 

of support, where it is greatest, is equal to W x :p-, in 

terms of the end weight, and the length and depth of 
the cantilever. The strains on the end bay next the 
weight at c, are equal to the greatest strain as found 
above, divided by the number of bays ; and the strains 
on the other bays commencing from c are respectively 
twice, thrice, four times, &c., the strain on the end bay 
next c, increasing in regular proportion from c to a. 
Upon the shorter flange db, however, the strain on the 
end bay Cy as found above, must be multiplied by 1^, 
2^, 3^, &c., to give the strains on its bays in succes- 
sion, commencing from the end d. 

21. When braced cantilevers, such as Figs. 12 and 
13, are loaded at each point of intersection of the 
braces from c to a, the strains on the pair of braces 
next to c are equivalent to one of the weights increased 
in the* proportion of the length of a brace to its ver- 
tical depth. The strain on the second pair of braces 
is double this amount, as they receive the second weight 
in addition, for transmission to the place of support. 
The strain on the third pair of braces is treble, and so 
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on in proportion, with a regular increase from c to the 
place of support at a b. 

The horizontal strains on the flanges arising from 
an uniform loading on Figs. 12 and 13, are thus found. 

Each weight, at the intersection of the braces, is con- 
sidered to act separately, as described in the last para- 
graph, from the point at which it is placed to the point 
of support ; and the addition of these separate effects 
gives the total effect on each bay. Commencing in this 
manner with the end bays at c and d, these effects on 
the several bays of the longer flange a c are found pro- 
portionate to the numbers 1, 3, 6, 10, 15, 21, &c. (being 
the additions of the terms of the series 1> 2, 3, 4, 5, 6, 
&c.) ; and the effects on the bays of the shorter flange 
d h, are proportionate to the numbers 1^, 4, 1\, 12, 17^, 
&c. (being the additions of the terms of the series, \\, 
2^, 3^, 4^, 5^, &c.).* The actual strain on the end bay 

W X L . . 

at c is |v — ^ as given in the last paragraph, in terms 

of the single weight at the extremity c, of the number 
of bays in the longer flange, and of the length and 
depth of the cantilever; and if this strain be multiplied 
by the above proportionate numbers, the strains on the 
other bays in succession to the place of support will be 
found. 

CONTINUOUS aiEDEES. 

22* In a girder of this description, extending over 
two spans, as shown in Figs. 14 and 15, the portion 
next the abutment for the ^length of three-fourths of 

^ The series 1, 3, 3, &c., as applied to the longer flange, and the 
series H, '2^, 3^, &c., as applied to the shorter, are in fact the 
horizontal distances from the extremity c, expressed in the number 
of bays. 
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one span, should be treated as if a detached and indepen- 
dent girder with the loading which is due to its length, 
and the strains upon each of its parts should be calcu- 
lated accordingly. 

The remaining one-fourth should be treated as a canti^ 
lever projecting from the central pier, and supposed also 
to be detached and independent. The strains induced 
upon it are as follow. One-half of the total weight of 
the supposed separate girder above-mentioned (or the 
weight of three-eighths of one span), is taken as placed 
at the extremity of the cantilever at a, Figs. 14 and 15, 
and the strains caused by it are calculated in the manner 
explained in paragraph 20. In addition, there are the 
strains from the loading upon the cantilever itself, 
whereof the mode of calculation is given in the para- 
graph preceding ; and the sum of these double effects 
gives the total strain upon each portion of the supposed 
cantilever. 

If the distance of three-fourths of the span from the 
abutment fall intermediately on a bay, it will be better, 
for convenience of calculation, and for security of con- 
struction, to include that bay in the separate lengths 
both of the girder and cantilever as supposed. 

The point «, Figs. 14 and 15, where the supposed 
girder and cantilever unite, is usually called the point 
of contrary flexure, because a loaded continuous girder 
assumes a curved outline which is concave from the 
abutment to this point, and convex from thence to th 
central pier, as shown in Fig. 16. 

It is also to be especially noted that the horizontal 
strains over the pier become tensive in the upper flange 
and compressive in the lower between the points of con- 
trary flexure, as shown in Fig. 16 \ the portion treated 
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as a cantilever having its strains reversed as compared 
with those of a girder, as was shown in paragraph 18 
and in Figs. 12 and 13. 

UNEQUAL LOADING OF CONTINUOUS GIRDERS. 
23- When one of the spans is more heavily loaded than 
the other, (which takes place, for example, in the case of 
a railway train when occupying one span only during its 
passage of the bridge,) the position of the point of con- 
trary flexure is brought nearer to the central pier, and 
the portion of the structure next the abutment must be 
calculated as a girder of greater length than three- 
fourths of the span. The following formula will give 
its length in this case : — 

Let W be the weight of the heavier span ; 
W* be the weight of the lighter span ; 
And L the length of one span ; 

Then — - — x L=Di stance from abutment to point 

8W ^ 

of contrary flexure. 

This distance should be taken in practice as the 
length of the girder portion next the abutment, of 
which the strength should be calculated accordingly. 
But the length of the cantilever portion must still be 
estimated as one-fourth of the span, since it becomes so 
when both spans are fully loaded. In fact, the point of 
contrary flexure is varied in its position by unequal 
loading, and both girder and cantilever must be made 
suitable for the extreme variation in each case. 

24. In the case of a continuous girder of three or 
more spans uniformly loaded, the distance of the point 
of contrary flexure is altered in the first opening to 
four-fifths of the span instead of three-fourths ; and in 
the middle span or spans, the length of the cantilever 
portion is increased from one-fourth or twenty-five 
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hundredths to about twenty-eight hundredths of the 
span : — ^the remaining portion of forty-four hundredths 
of the central span being treated as a detached girder 
as before described. In other respects the girders are 
treated similarly to those over two openings, as above 
described. 

25- It should be noted that when the last braces over 
either the abutments or piers are in tension, as shown 
in Fig. 15, a vertical strut or some other arrangement 
becomes necessary, for transmitting the weights borne 
by the end ties to the point of support on the abutment 
or pier. In the case where there are two spans in the 
bridge, as in Fig. 15, the vertical strut shown at the 
abutment is loaded with three-eighths of the weight of 
one span; and the vertical strut shown at the central 
pier with five-eighths of the weight of both spans, which 
is equivalent to the weight of one and a quarter span. 
If the girder extend over three spans, the vertical strut 
at the abutments would receive two-fifths the weight 
of one span ; and the vertical strut at the pier would 
receive three-fifths the weight of the first span, and 
one-half the weight of the second span, equal together 
to the weight of one and one-tenth span. Lastly, when 
the girder covers more than three spans, the abutments 
and first piers are (with some slight modifications im- 
material in practice) loaded as last described ; and the 
other or intermediate piers sustain the weight of one 
span. 

PAEALLEL LATTICE GTEDEES. 

26- These girders, which are excellent constructions, 
consist of a double, treble, or other multiple combination 
of the girder with single triangulation which has just 
been treated of Thus Fig. 17 represents a double combi*- 
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nation of the girder shown in Fig. 3 ; and in this case the 
strains are calculated separately for each single system 
of bracing according to the rules already given; the 
weights at the intersection of the flange and braces 
being half of those on a girder of single triangulation, 
as there are double the number of points to be loaded. 
The strains upon the braces are thus found separately, 
one-half their number from each system ; and the sums 
of the several strains upon the T)ays of the horizontal 
flanges give the total amounts of strain upon those 
bays, as may be seen from the diagram Fig. 17, where 
a, by and c, represent the strains produced on the first 
system, and dy Cy and /, the strains produced on the 
second. 

The same principles apply to a combination of three 
or more sets of single triangular bracing ; the weight 
at each intersection of the flange and braces being 
diminished proportionately (with a given total load) as 
the sets of triangles are increased. 

PAEALLEL GIEDEES WITH VEETICAL 
STEUTS. 

27. The most advantageous mode of constructing 
girders of the forms shown in Figs. 18 to 21, 
is to make the vertical braces struts, and the in- 
clined braces ties. They will then, if properly de- 
signed, contain a good combination of bracing, and 
have much advantage as regards the struts, which are 
shorter than the inclined ones in the triangular system, 
and do not undergo an increase of pressure from being 
placed in a slanting position. This advantage is the 
more felt in struts, as their liability to bend or buckle 
increases not only in proportion to the load upon them 
but to the square of their length ; whereas the nature 
of the strain upon a tie tends to keep it in a straight 
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position, and its length is therefore comparatively im- 
material. 

28. The author has seen several girders on this prin- 
ciple erroneously designed, both for buildings and for 
large bridges subject to variable loading. It is proposed 
therefore to investigate the eflfects of each weight upon 
the framing, so that the requirements of the structure 
may be understood. 

For a girder of this description with a central weight 
on top, as in Fig. 18, the bracing therein shown is 
required, and the following effects take place. The 
whole weight is sustained in the first instance by the 
central strut a, from whence one-half of it is received 
and transmitted towards each pier by the ties h .and e, 
which ties undergo strains of tension equal to one-half 
of the weight increased in the proportion of their length 
to their vertical depth. Tracing the effect on one side 
of the centre, the tension on b impresses, by the reso- 
lution of forces, compressive strains on d and on e. As 
d is horizontal, and therefore imable to sustain a vertical 
load, the strut e sustains the weight ^W ; and carrjdng 
it onwards towards its support on the pier, impresses 
tensive strains on/ and on h. The tie h receives the 
vertical load, and causes compressive strains on g and 
on iy and the strut i transmits finally the weight ^W 
to the pier. The same effects take place on the side of 
pier 2. 

The exact amoimt of these strains may be measured 
thus. Eeferring to Fig. 18, suppose W =: 6 tons, 
then make s t;=:^W or 3 by a scale of equal parts, 
and draw the parallels vt and tr\ then ts measured 
by the same scale will give the tension on the tie 
brace, and r 8 the compression on the upper bay, 
which acts from s up to the centre at W. Thp 



31 

same strains are repeated at y, the compression mea^ 
snred by the distance yx also acting from y up to 
the centre ; it follows therefore that the bay next the 
centre receives two strains, and that next the pier one, 
which are met by equal and opposite pressures on the 
other side of the centre.* The compression on the 
central strut a is=W or 6 tons, and on each of the 
other struts ^W; but if the weight were placed at 
bottom, the central strut would not be strained, 

29. It wiU be easily seen from the foregoing, that 
the chief features to be attended to in designing a 
structure of this nature, are that a load placed at any 
point upon it must be conveyed in certain proportions 
to the two points of support; and that the bracing 
which performs this duty should be made suitable for 
it. Every single weight, therefore, in the construction 
now under consideration, requires tie braces extending 
from the load in the direction of both piers, to fulfil the 
requirements of the case. 

30. The construction of the girder shown in Fig. 18 
is unsuited for any other than a central load. If a 
weight be placed at unequal distances from the piers, 
the tie braces should be disposed as shown in Fig. 19. 
In the girder shown in this figure two-thirds of the 
weight is conveyed to the nearer, and one-third to the 
further pier, and the strength of the braces should be 
provided for accordingly. 

31. If a girder of the same description be loaded at 
two intermediate points, it should be constructed as in 
Fig. 20, in order to transmit the loading properly to 

* If there were three bays on each side of the centre, iJie pro- 
portion of the horizontal strains upon them would be as 1, 2, 3, 
•and so on for any number. 
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the piers as described in paragraph 29. Girders on 
this principle have been extensively used in the Crystal 
Palace Building of 1851, and in the other Exhibition 
buildings to which it gave rise. 

32. If there be four or more bays in the girder, with 
weights at each point, the double diagonals should be 
furnished to every bay except the last; and they are 
generally inserted in practice in these also, to increase 
the stiflhess and preserve the symmetry of the girder. 

33. It now remains to give formulas in a convenient 
shape for practical use, by which the strains on these 
girders may be found. 

The strains on the various parts of a girder with 
central loading, such as shown in Fig. 18, have been 
fully explained in paragraph 28. 

For girders of this kind uniformly loaded, the dia- 
gram shown in Fig. 21 gives a series of comparative 
numbers for the strains throughout the structure, in 
terms of the number of bays N. To these the follow- 
ing rules may be applied in order to find the actual 
strains ; and in making the calculation in practice, it is 
convenient to fill in upon a diagram of the intended 
structure, the numbers found from the formulae given 
in Fig. 21, which are called the proportional numbers. 

CALCULATION FOR THE TOP AND BOTTOM FLANGES. 

Eeferring to Fig. 21 ; the actual horizontal strain on 

WL 

the central bay or pair of bays is equivalent to , 

8 D 

in terms of the total weight, length, and depth of the 
loaded structure. Then if a be the proportional num- 
ber applicable to the central bay or pair of bays, and 
6 the proportional number applicable to any other bay^ 
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the actual central strain multiplied by - gives the 

a 

actual strain on that other bay, 

CALCULATION FOR THE DIAGONAL TIE BRACES. 

The actual strain in the last diagonal, of which the 
proportional number is N x (N — 1), is equal to half 
the weight of the loaded structure increased in the pro- 
portion of the length of the tie to its vertical depth. 
Then if the proportional number, applicable to the end 
tie brace be called c, and the proportional number ap- 
plicable to any other tie brace be called d, the actual 
tension in the end tie brace multiplied by d and divided 
by c gives the actual tension in that other brace. 

CALCULATION FOR THE VERTICAL STRUTS. 

The proportional numbers for the vertical struts are 
found as follows : — ^If the load be on top ilLh number in 
terms of N for the first strut over the pier will be N *, 
and for any other strut it will be the sum of the pro- 
portional numbers upon the two diagonals meeting at 
the bottom of that strut. If the load be at bottom, it 
wiU be in each case the same number less N ; and these 
numbers may be easily filled in upon the diagram of the 
intended structure, after the proportional numbers for 
the tie braces are put on it as above described. The 
actual compression upon the struts may then be found 
thus : — The actual compression upon the end strut is 
equal to half the weight of the loaded structure, or 
^ W ; and if ^ be the proportionate number applicable 
to the last strut, and / the number applicable to any 
other strut, the actual strain on that strut will be equal 

c 
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/ 
to ^ W X -. For example, if there be seven bays iit 

a girder loaded on top, of the construction shown in 

Fig. 21, the proportionate number for the last strut is 

N* = 49, and the actual strain upon it is ^W; 

also the proportional number for the third strut is 

(N - 1) X CN - 2) + 3 = 6 X 5 4- 3 = 33, and the actual 

33 
strain upon it is ^ W x Tq* 

BOW AND STEING BEIDGES. 

34. The outline of these structures usually consists 
of a top or upper flange in the form of the segment of 
a circle, and of a horizontal bottom flange or tie upon 
which the roadway is carried. Between these flanges a 
bracing is inserted, which is generally either triangular 
or with vertical struts as last described ; and examples 
of this construction are given in Figs. 22, 23, 24, and 25. 
In this arrangement, the thrust which would be exer- 
cised by an arch alone on the abutments, is evidently 
received by the lower flange or tie, and the abutments 
are required only to be capable of sustaining the verti- 
cal weight of the structure. 

35. The compressive strain on the upper flange or 
bow, and the tensive strain on the lower flange or 
string, are equal to each other, and are uniform 
throughout.* The amount of this strain on a struc* 

WL 

ture with distributed loading is equal to — — - in terms 

oJ-) 

* Correctly speaking, this property belongs to a diflferent curve 
from a circular arc, but when the rise of the latter does not exceed 
about one-fourth of the span, the diiSerence is scarcely appreciable 
in practice. 



85 

of the total weight and length of the bridge and of its 
depth at the centre. 

36. The calculation of the strains on the braces of a 
bow and string bridge is more complicated than in the 
case of parallel girders, owing to the inclinations both 
of the braces and of the portions of the upper flange 
to which they unite, being continually varied through- 
out the structure. The easiest practical method of 
arriving at the strains on the braces is by ascertaining 
the distribution of the loading, and applying to a 
diagram of the structure drawn to scale, a geometrical 
process as follows. 

37. When the bow and string girder is formed with 
triangular bracing in any convenient number of equal 
bays, as in Fig. 22, and loaded at bottom, the distribu- 
tion of the weights is as follows : — ^If the weight at 
each loaded point be denoted by the number of bays, 
which is 6 in Fig. 22, the portions of the several weights 
transmitted to each pier being in the inverse ratio of 
their distance or number of bays from the piers, will be 
as the numbers marked on the lower flange of that 
figure ; thus of the weight 6, supported at the point r, 
five parts are conveyed to pier 1, and one part to pier 2, 
and so on. Examining, therefore, the weights trans- 
mitted by the bracing to pier 2, as received at each 
point of the upper flange, it appears that the point 6 
receives through the brace r h the portion of the weight 
at r denoted by the figure 1 ; the point c, receives the 
same 1, and also 2 of the weight at s through the 
brace ^ c, in all 3 : the next point at top receives the 
same 3 and 3 from ^, in all 6, and so on ; the numbers 
so found being 1, 3, 6, 10, 15, 21, &c., which are the 
additions of the series 1, 2, 3, 4, 5, 6, &c. 

c 2 
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To find the terms of the compressive strains on the 
braces inclined from the top towards pier 2, draw the 
lines bp, cp, &c., which are the resultants of the pres- 
sures conveyed onwards from the points b, c, &c., to 
that pier through the framing as mentioned above. 
From b set down ba^ hj scale = 1 being the number on 
6p, draw £oy horizontally to cut bp and yz parallel to a 
straight line from b to c, then b z measured by the same 
scale will give the compression on the brace b «, in terms 
of N the number of bays. Next from c, set down ver- 
tically £?«»=: 8, being the number on cp, and proceed as 
before ; and so throughout for the strain on these braces 
in terms of N. 

The actual strains may be found by multiplyifig the 

W 

above terms by — , where W is the weight on one 

loaded point. 

The tensive strains on the remaining braces, or those 
inclined towards pier 1, are found as follows : — 

Commencing at the end next pier 2, let e d set off to 
scale from e represent the actual strain on the brace i e^ 
as found by the method given above, draw «?/ horizon- 
tally, and from / draw also by scale a vertical 

ft 
f^ z=W X —; W being the weight on one loaded 

point, N the total number of bays, and n the number of 
bays which e is distant from pier 2. Draw ^ A horizon- 
tally, then € k measured by the same scale gives the 
actual strain on ef; and so with the other braces 
inclined towards pier 1 (Fig 22). 

38. When this structure is subject to variable loading, 
as usually occurs in practice, the braces must be made, in 
each case, capable of resisting the full amount of strain, 
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both compressive and tensive^ found by tHe above methods," 
as such strains, of either nature, are liable to be brought 
separately upon them. When the structure is uni- 
formly loaded, the braces are in fact free from strain, as 
the compressive and tensive forces on them are equal to 
and neutralize each other ; in which case the bow and 
string only are strained, as explained in paragraph 36. 

It is also to be remarked, that in this construction 
the central braces are more heavily strained than those 
next the piers, being the reverse of that which takes 
place in a parallel girder with uniform loading, where 
the pressures on the braces increase from the centre to 
the ends. 

39. When the loading is placed at the top of a bow 
and string bridge with triangular bracing, as shown in. 
Fig. 23, the first weight at « is at the distance of 
half a bay from pier 1, the second weight at b is at the 
distance of one and a half bay, and so on. If, there-^ 
fore, the weight at each loaded point be called 6 in 
terms of the number of bays as described in the. 
paragraph 87, the proportionate numbers showing the 
parts of the weight transmitted to each pier are ^ and 
5^ at the point ^,1^ and 4^ at the point 3, and so on> 
being in the inverse ratio of the distances or number 
of bays from the piers ; and if these numbers be doubled 
for greater convenience of calculation, the terms 11 
and 1 at a, 9 and 3 at i, 7 and 5 at e, &c., as marked 
on the upper flange of Fig. 23, are obtained. The numbers 
marked on the resultant lines (see paragraph 37), drawn 
out from the upper ends of the braces to pier 2, are 1 at 
a, 1 + 3 = 4 at i, 4 + 5 = 9 at e, and so on ; these num- 
bers forming in this case the series of squares 1, 4, 9, 
16, 25, &c. The process for finding the strains on the 
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braces, commencing by setting down to scale the num- 
bers marked on the resultants as above, is the same 
as described in paragraph 37, excepting that the actual 
strains so found for the braces must be halved in this 
case, as the proportionate numbers were doubled to 
avoid fractional terms. The remarks made in para- 
graph 38 are also equally applicable. 

40. When the bracing is arranged as shown in Figs. 
24 and 25, in which the verticals are generally formed 
to act as struts and the diagonals suitable for tension 
alone, the strains on the braces may be ascertained in a 
similar manner. Supposing the weights to be placed at 
bottom, then the distribution of the loading to each 
pier, and the numbers to be marked on the several re- 
sultants as described in paragraph 37, are shown on Fig. 
24. The process of finding the strains is nearly similar 
and may thus be briefly described for a bottom loading, 
in which case alone the end verticals are in tension. 

Of the first weight 6 at r. Fig. 24, five parts are trans- 
mitted to pier 1 through the vertical raand the portion 
of the bow from a to pier 1; r a undergoing a strain of 
tension equal to 5 or N-1. The diagonal r h conveys 
the remainder 1 of the weight towards pier 2, and if 
rt; be made by scale = 1, and v w drawn horizontally, 
rw measured by the same scale gives the proportionate 
tension on r ^ ; and these are the only strains to which 
r a and r i are subject. Next from h set down i ^ = 1, 
being the number on the resultant hp ; draw xy horizon- 
tally and y z parallel to i c, then the measure of bz\i^ 
the same scale gives the compression on the vertical b s ; 
also if skhe made equal to ^ ;2r and k I drawn horizon- 
tally, the measure of ^ / by the scale gives the tension 
on « c. Proceeding in order with this process, set down 
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t m « 3, being the number on the resultant cp, and find 
the proportionate strains on ct and td; and so on to 
the end of the structure. 

41. The above process gives the tension upon all the 
diagonals inclined as rd, to which the tension upon 
those inclined as a a, are respectively equal, and thus 
the strains are fotuid for all the diagonals in terms of N. 
The strains on the verticals are more complicated, but 
may be found thus. The first vertical a r, Fig. 24, is 
in tension equal to N— 1, as explained above. The 
second vertical b 8 undergoes a compression measured by 
6z from the weights between it and pier 1 passing 
through it to pier 2, and also a second compression by 
the weights between it and pier 2 passing through it to 
pier 1. Now the strain from the latter is equal to that 
already found on duy caused by the weights between rf^^ 
and pier 1 passing through it to pier 2. It follows, there- 
fore, that the addition of the strains foimd on the ver- 
ticals d 8 and dnua the manner described in the preced- 
ing paragraph gives the total amount of pressure on each 
of them ; and so with any corresponding pair of verticals 
except the two first, which are in tension. Also when ai» 
in this case there is a strut at the centre c t, the pressure 
upon it is, for the same reason, twice the amount of single 
strain foimd as above. 

42. The actual strains on the braces are obtained by 
multiplying the numbers so found in terms of N by 

W . . 

— ; W being the weight on one loaded point. The formula 

for the strains on the bow and string is given in para- 
graph 35. 

43. When the bow and string girder, as shown in Fig. 
25, and described in the commencement of paragraph 
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40, is loaded on the top, the strains on the braces are 
ascertained as follows. The distribution of the loading 
to each pier, and the numbers to be marked on the 
several resultants as described in paragraph 37, are 
shown on Tig. 25. Prom a set down by scale am = \^ 
being the number on the resultant ap, draw m n hori- 
zontally to cut ap^ and n o parallel to a 6, then a o mea- 
sured by the same scale gives the amount of compression 
on a r in terms of N, The strain on the diagonal rb is 
equal to that on ar increased in the proportion of its 
inclination to the vertical, and may be measured by the 
same scale on r v, which is found by making rto = a o, 
and dravdng w v horizontally to intersect the prolonga- 
tion of r b. Proceeding in order, from b set down by 
scale i a? =3, being the number on the resultant bp, 
draw wy horizontally and y z parallel to ^ c, and measure 
b z for the pressure on ^ * and for the vertical value of 
the tension on « c ; and so on for the various strains 
throughout the structure in terms of N. Then with 
regard to the tension upon the diagonal ties, it wiU be 
seen that the strains upon rb,8C, td, and u e will have 
been found, which will give the strains for all the dia- 
gonals, as the tension on td is equal to that on t b, and the 
tension on a^ ^ is equal to that on s a. With regard to the 
vertical struts, the compression on a r is equal to the 
measure of « ^ or 1, which is likewise the compression on 
the strut at e; also for the reasons given in paragraph 
41, the total strains on bs and du in terms of N are 
each equivalent to the sum of the compressions found 
for those verticals in the process just described ; and 
the total strain on the centre stmt c ^ is twice the 
compression so found. 

44« The actual strains on the braces are obtained 
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W 

by the multiplication of these totals by — ; W being the 

weight on one loaded point. The formula for the 
strains on the bow and string is the same as given in 
paragraph 85. 

GIEDEES OF A FOEM NOT BELONGING TO 
ANY EEGULAE FIGUEE. 

45- K now remains to give a general method of calcu- 
lating in detail, the strains which arise in a girder of 
this description ; the principle of which may be applied 
otherwise as occasion requires. K the girder shown in 
Fig. 26 be taken as an example, it will suffice to trace 
the effects of a single weight W placed at one of the 
loaded points of the framing, as the weights at any or 
aU of the other points may be similarly dealt with. 

If, therefore, W, Fig. 26, be called 7 in terms of the 
number of bays as explained in paragraph 9, there will 
be 4 parts of it transmitted to pier 1 and 3 parts to 
pier 2 through the framing, being in the inverse ratio 
of the distances or number of bays from the weight to 
the piers. The strains caused by the portion 4 trans- 
mitted to pier 1 may thus be ascertained in detail. 
The weight 4 is first conveyed to the point h through 
the brace W d, which undergoes in consequence a strain 
of tension having 4 as its vertical value. It is then 
conveyed forward towards pier 1 by the parts of the 
framing h h and by, and the resultant of the pressures 
on these parts is in the line of direction bp from b to 
the pier. To ascertain the strains in the parts about 
b, draw accordingly the resultant bp, set down bd \>y 
scale =4 as the vertical weight, and draw de hori- 
zontally, and ef parallel to the resultant bp ; then b e 
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measured by the same scale gives the tension on the 
brace b w, and 3/ the compression on the bay b c. Pro- 
ceeding in order with the parts towards the pier, draw 
dk horizontally from d, then bk having the vertical 
value of 4, represents the resultant of the compressive 
strains on bh and bp ; and ]S ki be drawn parallel to 
iy, and kl parallel to bh^ the distance ib measured by 
the same scaliB gives the compression on the bay b h, and 
the distance bl the compression on bff. To find the 
tension on ^ W and ff h resulting from the compression 
on the brace 3y, make gm-^-bl, and draw the parallels 
mo and mn in order to resolve »^^ into yoand gn, 
which latter, measured by the same scale as before, give 
the tensive strains ongw and g h. 

The weight 4 is thus transmitted to the point h, 
from whence it is carried forward towards the pier by 
h V and A r. Proceeding, therefore, as before, draw the 
resultant kp to the pier, set down kq = 4ihj scale, draw 
a horizontal line from q to the resultant and parallels 
from thence to At? and Ar, whence it is seen that the 
compression on Ar is given hjAy; that on Avhj Aa^; 
the tension on vrhj vj; and that on vghj vu\ all 
measured by the same scale as before. The weight 4 
being now transmitted to the point r, it remains only 
to set down by scale r«=4, and to draw s t parallel to 
vp, when the measure oi rt by the same scale gives 
the compression on rp, and the measure oi ts the ten- 
sion on vp. 

The bottom flange being horizontal, the total tension 
on ^ Wis measured by ffn-\-vu-\-t8 ; that on vg by 
vu + ts; and that on vp hj ts; which will be 
Sufficiently evident from the explanations given in para- 
graph ?• ^ - 
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The strains caused on the other parts of the structure 
by the portion of W transmitted to pier 2 can be simi- 
larly ascertained, and if the structure be loaded at many 
or all of the points, the sum of the like strains caused by 
each weight gives the total eflfect on each part of the 
structure. 

The weight W above referred to is stated in terms of 
N the number of bays ; and the strains found from it 
bear the same proportion to the actual strains as N bears 
to the actual weight. 

PLATE GIEDEES. 

46. These excellent girders are in very general use, 
and the calculations of the strains upon them are made 
as specified in paragraphs 3, 4, and 5. 

When heavy weights are to be supported, or when 
great lateral stiffness and stability on the bearings are 
required, box girders are usually employed, and the cal- 
culation of the strains upon them does not differ in any 
respect from what is described in the paragraphs above 
referred to. 

47. The precise quantity or scantling of the ma- 
terial apportioned to each part of a structure on which 
the strains have been ascertained, should be regulated 
by various conditions. Thus if the loading be liable to 
sudden changes of imposition and removal, the struc- 
ture should be made stronger than if subject only to 
an uniform strain; also the quality of the iron, the 
greater or less necessity of avoiding deflection, and 
other circumstances, varying in each case, leave this 
question in a great degree dependant on the experience 
and skill of the engineer. 
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COMPARISON OF DIFFERENT KINDS OF GIRDERS. 

48. The strains on the several kinds of girders having 
thns been described, it is proposed to consider, briefly, 
the comparative advantages afforded by each. 

The plate girder is, except perhaps in appearance,^ 
undoubtedly superior to the others. It forms under 
equal conditions a more rigid, trustworthy, and durable 
structure; its manufacture is simpler in character, and 
in small girders it is more economical. When the spans,^ 
however, exceed eighty or ninety feet in length, the 
lattice girder is cheaper, and little inferior in strength ; 
and, as bars can be rolled in greater lengths than plates, 
the lattices in very deep girders may consist of single 
pieces only, when plated girders must be jointed hori- 
zontally to make up the depth of the beam. 

The girders with bracings of single triangulation 
are less rigid than the others, an<^ are open to the 
serious objection, that the giving way of any one brace, 
or fastening, involves the failure of the entire structure. 
They have some advantages, on the other hand, in 
cheapness and in portability, as they may be conveyed 
in small and light pieces to places diflGLcult of access, 
and erected at little expense. A double system of 
triangulation, however, with the braces united at their 
intersections, gives equal advantages in this respect, and 
forms a better construction with little additional cost. 

In short, it may be generally stated — supposing the 
strains and the iron disposed to meet them to be alike 
in each case, that ^the comparative advantages of dif- 
ferent systems of girders depend on two circumstances. 
The first is the continuity and perfection of the* part 
uniting the top and bottom flanges; and in this re- 
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specfc, the plate girder manifestly occupies the first place, 
the close lattice with the braces frequently intersecting, 
and thus approaching the plate in continuity, occupies 
the second, and the unconnected single braces the third. 
The second circumstance is the mode of fastening the 
several parts of the girder to each other ; this is usually 
done either by rivetting, or by pins and bolts passing 
through the pieces at their intersection. The former 
method is greatly superior; it is universally used in 
plate girders, and frequently in lattice, though its appli- 
cation to the latter is not in aU cases equally convenient. 
The rivets are more easily applicable where the vertical 
pressures are diffused, as in the case of plate or close 
lattice girders ; and large bolts are more suitable for the 
single or double triangle system, where the pressures 
are collected at fewer points and are greater at each. 

PEOPORTION OF LENGTH TO DEPTH OF GIRDERS. 
49. The depth of a girder is usually made from 
one-tenth to one-fifteenth of the span. The most 
economical depth as regards quantity of material, is 
one-twelfth; and an inch to the foot is an excellent 
proportion for practice ; but the depth must frequently 
be varied to suit the requirements of each case. It is 
important, however, to state, that the rigidity of the 
structure is proportionate to the square of the depth ; 
consequently, though the ultimate strength remains 
the same, the deflection increases very rapidly as the 
depth is diminished. Thus, in two girders of equal 
span and loading, and of the respective depths of one- 
tenth and one-fifteenth of the span, both constructed of 
proportionate strength to resist the strains upon them, 
and both loaded to the point of fracture, there would 
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be equal weights required to break them, down, but the 
deflection of the one would be fully double the de- 
flection of the other. 

CHAHACTER OF THE WORK. 

50. When economy of time and cost is an object, 
the framing should be of so plain and simple a cha- 
racter, that ordinary workmen, materials, and tools, 
may suffice for its execution. If the work be designed 
in such a manner as to demand materials of unusual 
size and weight, special machinery, or highly-skilled 
workmen, it can only be executed by a limited and 
highly-paid class of persons, and its cost is immensely 
enhanced. Such a system is, generally speaking, 
unnecessary and wasteful ; and to avoid it, a practical 
acquaintance with the processes employed in preparing 
iron for these works, is requisite to those who have the 
charge of designing them. 

The work should consist, as far as possible, of a 
repetition of the same processes throughout the struc- 
ture ; the materials of ordinary size and of similar di- 
mensions, with the rivets or other fastenings disposed 
at like places in each. Such work is always preferred 
by manufacturers, and eagerly sought ; and it may be 
adopted, with extremely few exceptions, even in struc- 
tures of the very largest class. 

lEON EOOFS. 

51. The framings generally used for roof principals 
are simple in their character, and the strains upon them 
easily ascertained. 

In the description of framing shown in Fig. 27, 
which is usually adopted for roofs of moderate dimen- 
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sions, the strains on the tie and rafters are greatest at 
the ends and decrease to the centre, and the strains on 
the braces are greatest at the centre and decrease to 
the ends. The loading is supposed to be placed at 
each intersection of the braces and rafters, and its 
action on the framing may be thus explained. Eeferring 
to the weight W in Fig. 27, which represents a roof 
with six bays, the portions of W transmitted to each 
pier are four-sixths to pier 1, which is conveyed directly 
to the point of suppport by the rafter W A ; and two- 
sixths to pier 2, which is first received by W C and W D^ 
and transmitted by them and the vertical tie D C to 
the point C in the manner already fully described in 
paragraph 45 ; whence it is carried by the rafter C B, 
to the place of support on pier 2. The amount of 
strain on each part may be measured by drawing a 
resultant line from W to pier 2, and proceeding as ex- 
plained in paragraph 45. 

52. When the bottom tie in this framing is hori- 
zontal, and the structure loaded at every point, a series 
of numbers may be found in the manner described in 
the foregoing paragraph, giving the proportionate 
strains on each part in terms of N, the number of bays 
into which the two rafters are divided. The formulae 
for these numbers are marked upon Fig. 28, and are 
applicable to any number of bays. The term a as 

AB 

applied to the rafters is equal to ^N x —- ; and the 

AC 

term h as applied to the tie, equal to ^ N x -— : being 

the number of bays in one only of the rafters multiplied 
respectively by the lengths of rafter and tie, and di- 
vided by the rise of the roof. 

The proportional numbers in terms of N on the 
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vertical ties form the series ^ N, N, 1^ N, 2 N, &c. ; hwi 
the nTimber for the central vertical tie must be always 
doubled, as it receives a strain from each side of the 
Toof. The strains on the inclined struts are found by 
drawing lines from each loaded point on one rafter to 
the farther pier, and marking these lines in succession, 
with the numbers 1, 3, 6, 10, 15, &c. ; the reason of 
which has been sufficiently explained in paragraph 37. 
To find the proportional strain on any inclined strut, say 
the fourth from the end in Fig. 28, set down op by scale 
^qual to 10, the number on the line from o to the farther 
pier, drawjpr horizontally to intersect this line, and ts 
parallel to the rafter ; then o a measured by the same 
scale gives the compression on the inclined strut. 
The strains on the other inclined struts may be foimd 
in like manner, setting down vertically by scale in each 
case, the number corresponding to it as above. 

The actual strains may be found as follows: — The 
actual strain on the end bay of the rafter next pier 1, 
is equal to half the weight of the loaded principal or 
the weight on one rafter, increased in the proportion 
of the length of the rafter to the rise, or as A to C D 
in Fig. 27. If, therefore, the proportionate number for 
that bay (being (N — 1) xat, as given in Fig. 28), be 
called m, and the proportionate number for any other 
part be called n, the actual strain on the end bay mul- 
tiplied by n and divided by m, gives the actual strain 
on that other part. 

53. When the bottom tie of a roof principal is 
inclined, as is usually the case in practice, the general 
formulae given in Fig. 28 are no longer applicable to 
the framing ; and the strains may be then obtained as 
follows : — 

In the roof shown in Fig. 29, the lower end of the 
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rafter at a is presumed to be supported by a wall or 
column in the usual manner ; also tlie end b is sustained 
in its place by an equal pressure from the other rafter 
against it. It is therefore sufficient to deal with one- 
half of the roof; only observing that the tension on 
the central verticle h c must be doubled, as it receives 
an equal strain from each side. 

As there are three bays in Fig. 29, each loaded point, 
d, e, and 6, receives one-third the weight on the rafter.* 
To find the strains, set down df by scale to represent 
the weight at d; draw/y parallel to the rafter, andy A 
to the tie ; then the measure of d^ by the same scale 
gives the strain on the strut brace ; that of y/ the com- 
pression on the rafter from the point a to d; and that of 
y h the tension on the tie from the point a to k. The 
strut c? it impresses on iJ:e a tension measured by dA, 
which, together with one-third the weight on the rafter, 
is impressed on the point e. Set down el hj scale 
equal to this pressure, draw Im parallel to the rafter and 
m n parallel to the tie ; then the measure of Im gives a 
second strain on the rafter from a to e, that of ^ ^ a 
second strain on the tie from a to <?, and that of em the 
strain on the strut brace e c. The strut e c then im- 
presses on c d a, tension (subsequently doubled as above 
explained), which is measured hjen; and which, together 
with the remaining third portion of the weight on the 
rafter, is impressed on the point d. Set down do hj 
scale equal to this pressure, and draw op parallel to the 



* This supposition is not strictly correct for an uniform load, as 
the weight carried in that case at b, is less than that of a full bay. 
The difference, however, is immaterial in practice, and the effect is 
to increase slightly the calculated strains and strength of the struc- 
ture. 

D 
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tie, then the iaeasures oi po and jt? d give the respective 
amounts of a third strain on the tie and rafter through- 
out. The strains upon each brace are thus obtained ; 
and the additions of the strains above enumerated on 
the rafter and tie rod give the total strains on each of 
their bays. 

54. If a roof be formed as shown in Fig. 30 and 
loaded at top, and if half the load be represented by 
ic, the comparative strains on each portion of the 
structure are as ad, a c, and twice cd on the vertical d c ; 
and when the bottom tie is horizontal, there is no strain 
on the vertical rod b c. 

55. With the object of facilitating the calculation of 
these strains in the cases commonly occurring in prac- 
tice, the diagrams in Figs. 31 to 34 are given in the 
plates. They represent the comparative strains on 
several roof framings, of which the rafters are inclined 
at a slope or pitch of 2;^^ to 1, and the ties at a slope 
of 1 in 15, being the most approved proportions in 
practice. The span and weight of the entire principal 
in the diagrams are represented each by 1 ; and the 
diagram figures indicate the strains which result from 
thence on each part, and which are found in the manner 
above-mentioned in paragraph 53. 

The actual strains on a principal corresponding in 
form with any of the above diagrams may be readily 
found thus: — Multiply the span of the roof by the 
width between two principals in feet, and the product 
by the weight per square foot of the loaded structure : — 
the result multiplied by the diagram numbers in suc- 
cession gives the strain on each part in terms of the same 
weight. 

56. The strains on the tie and rafter of a roof prin- 
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cipal are increased as the span and diminished as the 
depth at the centre; as in the case of an ordinary- 
girder, of which it is a variety. 

57. The author begs in conclusion to name the sources 
whence he has drawn early information or assistance 
on the subject of this treatise. His chief acknowledg- 
ments in this respect are due to the late Mr. Charles 
Heard Wild, the close of whose talented career by an 
early death has been to him the subject of unceasing 
regret. He has also to mention the benefit derived from 
the perusal of the well-known work of Mr. Edwin Clark 
on the Britannia Bridge ; of an excellent treatise on 
Bracing by Mr. Eobert Henry Bow; and of a paper 
on Diagonal Braces by Messrs. Doyne and Blood, read 
at the Institution of Civil Engineers. 
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12. PNEUMATICS, by Charlbs Tomlinson . . ' . . . . 1#. 

13, 14, 15, 15*. CIVIL ENGINEERING, by Hbnrt Law, C.E., 8 vols.; and 

Supplement by G. R. Burnell, C.E. Together in 1 vol. . . .4$. 6d, 

16. ARCHITECTURE, Orders of, by W. H. Leeds It. 

17. ARCHITECTURE, Styles of, by T. Burt, Architect . . ' . li. 6d. 
18, 19. ARCHITECTURE, Principles pf Design in, by E. L. Garbbtt, 2 vols, in 1 : 2# 
20, 21. PERSPECTIVE, by G. Ptne, 2 vols, in 1 2# 

22. BUILDING, Art of, by E. Dobson, C.K 1#. 

23, 24. BRICK-MAKING, TILE-MAKING, &c.. Art of, by the same, 2 voU. in 1 : 2#. 

25, 26. MASONRY AND STONE-CUTTING, Art of, by the same, with illus- 
trations,- 2 vols, in 1, by the same 2t. 

27, 28. PAINTING, Art of, or a GRAMMAR OP COLOURING, by Georok 

Field, 2 vols, in 1 . . . 2t. 
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29. DRAINING DISTRICTS AND LANDS, Art of, by G. D. DfeUitBBT, C.K . 1#. 

80. DRAINING AND SEWAGE OP TOWNS AND BUILDINGS, Art* of, by 

the same w Is. 6d, 

31. WELL-SINKING AND BORING, Art of, by G. k Burnell, O.E. . . 1«. 

82. USE OP INSTRUMENTS, Art of the, by J. P. Heather, M.A. * u . 1». 

83. CONSTRUCTING CRANES, Art of, by J. Glynn, F.R.S., C.E. . . la. 
34. STEAM ENGINE, Treatise on the, by Dr. Lardnee Is. 

85. BLASTING ROCKS AND QUARRYING, AND ON STONE) Art of, by 

Lieut.-GeD. Sir J. Borootne, iBart., G.C.B., R.E. ..... 1». 

86, 37, 38, 39. DICTIONARY OP TERMS used by Aifehite^its, Builders, CivU 

and Mechanical Engineers, Surveyors, Artists, Ship-builders, &c., 4 vols, iu 1 is. 

40. GLASS STAINING, Art of, by Dr. M. A. Gessert ..... 1*. 

41. PAINTING ON GLASS, Essay on, by E; 0. PAombero . ; . v . 1«. 

42. COTTAGE BUILDING, Treatise on . Is. 

43. TUBULAR AND GIRDER BRIDGES, and others, Treatise oil> tadte par- 

ticularly describing the Britannia and Conway Bridges . . . . Is. 

44. POUNDATIONS, &c., Treatise on, by E. Dobson, C.E Is. 

45. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, &c.> by G. R. 

Burnell, C^E. . . ; ; i . la. 

46. CONSTRUCTING and REPAIRING COMMON ROADS, by it. Law, C.E. Is.' 

47. 48, 49. CONSTRUCTION AND ILLUMINATION OP LIGHTHOUSES, 

by Alan Stevenson^ C.E., 3 vols* in 1 . Zs. 

50. LAW OP CONTRACTS POR WORKS AND SERVICES, by David 

Gibbons la. 

61, 62, 68. NAVAL ARCHITEtlTURE, l^rinciples of the Science, byJ. Pbakb, 

N. A., 8 vole, in 1 8a. 

63*. ELEMENTARY AND PRACTICAL CO NSTltUCt ION concisely stated 

of Ships for Ocean or River Service, by Capt. H. A. SoMMERJFELbT, N.tl.N. la. 

68**. ATLAS of 16 Plates to ditto, drawn and en^ved to a Scale for Practice 7a. 6d. 
For the convenience of the operMtive Ship Builder the AtU» may be badia three 
separate Parts. Part 1, 2«. 6d. Part 2, 2«. 6d. Part 3, 2«. 6d. 

64. MASTING, MAST-MAKING, AND RIGGING OP SHIPS, by R. Kip- 

PINQ, N.A 1«. 6(1. 

64*. IRON SHIP BUILDING, by John Grantham, N.A. and CE. . . 2s. Qd. 

66, 56. NAVIGATION, Treatise on ; THE SAILORS SEA-BOOK.— How to 

keep the Log and work it oflF — Latitude and Longitude-^reat Circle 
Sailing — Law of Storms and Variable Winds; and an Explanation of 
Terms used, with coloured illustrations of Plags 2s. 

67, 68. WARMING AND VENTILATION, by Charles TomLinsqn, 2 vols, in 1 : 2«. 

69. STEAM BOILERS, by R. Armstrong, C.E Is. 

60, 61. LAND AND ENGINEERING SURVEYING, by T. Barer, C.E., 

2 vols, in 1 2s, 

62, ELEMENTARY PRINCIPLES OP RAILWAYS, for the Use of the 

Beginner in his Studies ; with Sketches for Construction. By Sir R. 

Macdonald Stephenson, M.LC.E., &c. Vol. I Is. 

62*. RAILWAY WORKING IN GREAT BRITAIN, Statistical Details, Table 

of Capital and Dividends, Revenue Accounts, Signals, &c.. Vol. II. . Is. 

63, 64, 65. AGRICULTURAL BUILDINGS, the Construction of, on Motive 

Powers, and the Machinery of the Steading : and on Agricultural Pield 
Engines, Machines, and Implements, by G. H. Andrews, 3 vols, in 1 , Zs. 

66. CLAY LANDS AND LOAMY SOILS, by Prof. John Donaldson, A.E. . Is. 

67, 68. CLOCK AND WATCH-MAKING, AND ON CHURCH CLOCKS AND 

BELLS, by E. B. Denison, M.A., 2 vols, in 1, considerably extended. 

Fourth Edition Zs. 

69, 70. MUSIC, Practical Treatise on, by C. C. Spencer, Mus. Dr., 2 vols, in 1 : 2». 



RUDIMENTARY WORKS FOR THE USE OF BEGINNERS. 8 

71. PIANO-FORTE, Ingtniction for Playing the, by C. C. Spknobb, Mus. Dr. • It, 

72, 73, 74, 75, 75* RECENT FOSSIL SHELLS (A Manual of the MoUusca), 

by Samuel P. WoopvAim, and illustrations, 4 vols, in 1, and Supplement 5«. Qd. 
76, 7T. DESCRIPTIVE GEOMETRY, by J. F, Hiuitheb, M,A., 2 vols, in 1 ,2*. 
77», ECONOMY OF FUEL, by T. S. Prideaux U. 

78, 7^ ST]p:AM A3 APPIaJED TQ GENERAL PURPOSES AND LOCOMO- 
TIVE ENGINES, by J. Sewell, Q.E., 2 vols, in 1 2*. 

78*, ^iOCOMOTIVE ENGINE, by G, D. Dumpset, C.E. , , • , !«. 6<i. 

7£l». ATLAS OF PLATES to the above , 4«. 6(7. 

79**. ON PHOTOGRAPHY, the Compositiop ai^d Properties of thp Chemipal 

Substances used, by t)r. H. Halleur . . ... . . . . 1». 

80, 81. MARINE ENGINES, AND ON THE SCREW, &o., by R. Murray. 

C.E., 2 vols, in I . . , 2». 6</. 

80* 81*. EMBANKING LANDS FROM THE SEA, by John Wiggins, F.aS., 

2 vols, in 1 ,..., ^ ....,, 2«. 

82, 82*. POWER OF WATER, AS APPLIED TO DRIVE FLOUR MILLS, 

^c, by Joseph Glynn, F.R.a., C.E. ...»,•,, 2*. 

83, BOOK-KEEPING, by James Haddon, M.A. ...... 1*. 

82**, 83* 83 {his). COAL GAS, on the Manufecture and Distribution of, by 

Samuel Hughes, C.E. . . . . . . . . . . 3*. 

82***. WATER WORKS FOR THE SUPPLY OF CITIE;S AND TOWNS; 
Works which have been executed for procuring ^uppMes by means of 
Drainage Areas and by Pumping from Wells, by Samueb Hughes, C.R . 3«. 

8§**. CONSTRUCTION OF DOOR LOCKS, with illustrations . , , U 6d 

88 (bis). FORMS OF SHIPS AND BOATS, by W. Bl^nd, of Hartlip , . 1*. 

84, ARITHMETIC, with numerous Examples, by Prof. JT. R Young . , 1*. Qd, 
84*. KEY to the aboye, by the s^une , Is. 6d. 

85, EQUATIONAL ARITHMETIC, Questions of Interest, Annuities, &c., 

by W. Hipsley Is. 

85*. SUPPLEMENTARY VOLUME, Tables for the Calculation of Simple 
Interest, with Logarithms for Compound Interest and Annuities^ &c., &c., 
by W.- Hipsley .,.,..!#. 

86, 87. ALQEBRA, by James Hapdon, M.A,, 2 vols, in 1 . , , . . 2«. 
86* 87*. ELEMENTS OF ALGEBRA, Key to the, by Prof. Young . la. 6(/. 
88, 89. ELEMENTS OF GEOMETRY, by Henry Law, C.B., 2 vols, in 1 . . 2* 

90. GEOMETRY, ANALYTICAL, by Prof. Jame^ H'ann 1^ 

91, 92. PLANE AND SPHERICAL TRIGONOMETRY, by the same, 2 vols, in 1 : 

93. MENSURATION, by T. Baker, C.E 1^. 

94, 95. LOGARITHMS, Tables for facilitating Astronomical, Nautical, Trigono- 

metrical, and Logarithmic Calculations, by H. Law, C.E., New Edition, with 
Tables of Natural Sines and Tangents, and Natural Cosines, 2 vols, ial . 2s. 6(i, 

96. POPULAR ASTRONOMY, by the Rev. Robert Main, M.R.AS. . . U 

97. STATICS AND DYNAMICS, by T. Baker, C.E , . Is. 

98, 98*. MECHANISM and PRACTICAL CONSTRUCTION op MACHINES, 

And on Tools and Machines, by James Nasmyth, C.E, . . .2a. 6d, 

99, 100. NAUTICAL ASTRONOMY AND NAVIGATION, by Prof. Young, 

2 vols, in 1 2a, 

100*. NAVIGATION TABLES, compiled for practical use with the above 1*. 6t/. 

101. DIFFERENTIAL CALCULUS, by Mr. WooLHOusE,F.R. AS. . . . It. 

101*. WEIGHTS AND MEASURES OF ALL NATIONS; Weights, Coins, 
and the various Divisions of Time, with the principles which determine 
Rates of Exchange, by Mr. Woolhouse, F.R. A.S 1a 6dL 
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102. INTEGRAL CALCULUS, by H. Cox, M.A . . 1«. 

103. INTEGRAL CALCULUS, Examples of, by Prof. James Hann . . . 1». 

104. DIFFERENTIAL CALCULUS, Examples of, by J. Haddon, M.A. . 1«. 

105. ALGEBRA, GEOMETRY, AND TRIGONOMETRY, Mnemonical Lessons, 

bytheRev. T. PENrNGTON KiRKMAN, M.A Is. 6d. 

106. SHIPS' ANCHORS FOR ALL SERVICES, by Mr. George Cotsell, 

N. A., upwards of 100 illustrations Is, 6d, 

107. METROPOLITAN BUILDINGS ACT, in present operation, with Notes, 

and the Act dated August 28th, 1860, for better supplying of Gas to the 
Metropolis. 28.6(L 

108. METROPOLITAN LOCAL MANAGEMENT ACTS . , . 1<. 6rf. 

109. LIMITED LIABILITY AND PARTNERSHIP ACTS . . . . U 6d. 

110. SIX RECENT LEGISLATIVE ENACTMENTS, for Contractors, Mer- 

chants, and Tradesmen Is. 

111. NUISANCES REMOVAL AND DISEASE PREVENTION ACT . . Is, 

112. DOMESTIC MEDICINE, PRESERVING HEALTH, by M. Raspail . Is. 6d. 

118. USE OF FIELD ARTILLERY ON SERVICE, by Lieut.-Col. Hamilton 

Maxwell, B.A. Is, 6d. 

114. ON MACHINERY: Rudimentary and Elementary Principles of the Con- 
struction and on the Working of Machinery, by C. D. Abel, C.E. . . Is. 6d. 

116. ATLAS OP PLATES OF SEVERAL KINDS OF MACHINES, 17 very 

valuable illustrative plates, large 4io 7«. 6(2. 

116. RUDIMENTARY TREATISE ON ACOUSTICS : The Distribution of 

Sound, &c., by J. Roger Smith, Architect ls.6d. 

117. RUDIMENTS OF SUBTERRANEOUS SURVEYING, RANGING THE 

LINE WITHOUT THE MAGNET, &c By Thomas Fbnwiok, Coal Viewer. 
With Improvements and Modern Additions, by T. Baker, C.E. . 2«. 6d, 

118. 119. ON THE CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson, C.E., 2 vols, in 1 Zs. 

120. ON HYDRAULIC ENGINEERING, by G. R. Burnell, C.E., 2 vols, in 1 : Zs. 

121. RUDIMENTARY TREATISE ON RIVERS AND TORRENTS, from 

the Italian of Paul Frisi, with the Maps 1«. 6dL 

122. on Rivers that carry Sand and Mud, and an Essay on 

Navigable Canals; 121 and 12^ bound, price 25. 6(2 Is. 

123. ON CARPENTRY AND JOINERY, founded on Dr. Robison's Work, 

with wood-cuts . , Is. 6d. 

123*. ATLAS OF PLATES in detail to ditto 4s. 6d. 

124. ON ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, founded on 

Dr. Robison's Work Is. 6d. 

124*. RECENTLY CONSTRUCTED IRON ROOFS, Atlas of plates . 4s. 6d. 
126. ON THE COMBUSTION OF COAL AND THE PREVENTION OP 

SMOKE, Chemically and Practically Considered, by Chas. Wye Williams, 

126. ILLUSTRATIONS to ditto T The 2 voU. 1 ^^ 

127. RUDIMENTARY AND PRACTICAL INSTRUCTIONS IN THE ART 

OF ARCHITECTURAL MODELLING, with illustrations . . Is. Qd. 

128. THE TEN BOOKS OF M. VITRUVIUS ON CIVIL, MILITARY, AND 

NAVAL ARCHITECTURE, translated by Joseph Gwilt, Arch., 2 vols. 

129. ILLUSTRATIVE PLATES to ditto, with Plates and the Vignettes, together 5*. 

By the Author and Joseph Gandy. 
The work, Vol^. 128 and 129, bound together. 
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130. INQUIRY INTO TSE PRINCIPLES OF BEAUTY IN GR^ICIAN 

ARCHITECTURE, by the Right Hon. the Ewl of Aiiebdieh, &c., &c„ 1*. 

181. T^E MILLER'S, MERCHANT'S, and FARMER'S READY REC?:ONER, 
for aspertaiiiiDg at Sight the Value of 9^j quantity of (}om ; together 
with the approximate value of Millstones and Millwor^ . . . • If. 

189. RUDIMENTARY TREATISE ON THE ERECTION OF D^EXiLINQ 
HOUSES, WITH SPECIFICATIPNS, QUANTITIES OF THE VA- 
RIOUS MATERIALS, &p., by S. H. Bboqes, Architect, 27 Pl^te9 . U ^<^^ 



HUDIJSIENTABY SEBIES, 

ON MINES, SMELTING WORKS, AND mE MANUFACTURE 

OF METALS. 



V0I4. 1, T^E treatise; on THP METALI.URGY OF CQPP^R, by R, H. 
Lambobn . ♦ • 2*, 

„ 2. TREATISE ON THE METALI.URGY OF SILVER AND LEAD, 

„ 3, ELEMENTARY TREATISE ON IRON MEjTALLURGY up to the 
Manufacture of the latest processes. "VVith Woodcuts. 

,. 4. ELEMENTARY T]aEATJSE ON GOLD MINJNQ AND ASSAYING 
PLATINUM, IRIDIUM, &c Woodcuts, 

„ 6. ELEMENTARY TREATISE ON TH^ MJNINd Of gINC, TIN, 
NICKEL, COBALT, &c. Woodcuts. 

„ 6. ELEMENTARY TREATISE ON COAL JkllNING (Geology and Means 
of Discovering, ^c). Woodcuts, 

„ 7. ELECTRO-METALLURGY, practically treated by ApaANPBR Watt, 
F.R.S., F.S.A. Published . , U 6d. 



NEW SERIES OF EDUCATIO NAL WORKS. 

1, 2, 3, 4. CONSTITUTIONAL HISTORY op ENGLAND, by W.D.Hamilton, is. 

6, 6. OUTLINES OF THE HISTORY OF GREECE, by the same, 2 vols. 2«. 6rf. 

7, 8. OUTLINES OF THE HISTORY OF ROME, by the same, 2 vols. . 2s. Qd. 
9, 10. CHRONOLOGY OP CIVIL AND ECCLESIASTICAL HISTORY. 

LITERATURE, ART, AND CIVILISATION, from the earlieat period 

to the present, 2 vols. . • 2s, Qd. 

11. GRAMMAR OF THE ENGLISH LANGUAGE, by Hyde Clabkb, D.CL. Is. 
11*. Hand-book OF COMPARATIVE PHILOLOGY, by the same. . , Is. 

12, 13. DICTIONARY OF THE ENGLISH liANGUAGE. A new Dictionary 

of the English Tongue, as spoken and written, above 100,000 words, or 
60,000 more than in any existing work, by the same, 3 vols, in 1 . 8«. 6d. 

14. GRAMMAR OF THE GREEK LANGUAGE, by H. C. Hamilton . . Is. 

16, 16. DICTIONARY OF THE GREEK AND ENGLISH LANGUAGES, 

by H.R. Hamilton, 2 vols, in 1 2*. 

17, 18. ENGLISH AND GREEK LANGUAGES, 

by the same, 2 vols, in 1 . 2s. 

19. GRAMMAR OF THE LATIN LANGUAGE, by the Rev. T. Goodwin, A.B. Is. 

20, 21. DICTIONARY OF THE LATIN AND ENGLISH LANGUAGES, by 

the same. Vol. I. ... * 2s. 
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22, 23. DICTIONARY OF THE ENQI^tSH AND JiATIlf LANGUAGES, 

by the same. Vol. II. . . . Is, 6d. 

24. GRAMMAR OF THE FRENCH LANQUAGE,by the Lecturer atBesanQon 1*. 

25. DICTIONARY OF THE FRENCH AND ENGLISH LANGUAGES, by 

A. Elwes. Vol. I. ........... !«. 

26. DICTIONARY OP THE ENGLISH AND FRENCH LANGUAGES, by 

the same. Vol. II. . . . . . . . . . . U. 6d. 

27. GRAMMAR OP THE ITALIAN LANGUAGE, by the same . . , l», 

28. 29. DICTIONARY OP THE ITALIAN, ENGLISH, AND FRENCH 

LANGUAGES, by the same. Vol. I ,2* 

30, 81. ENQLISH, ITAI^IAN, ^ND FRENOQ 

LANGUAGES, by the same. Vol. IL 2t. 

82, 38. . . ■ . ; : . — ^ FRENCH, ITALIAN, AND ENGLISH 

LANGUAGES, by the same. Vol. IIL . . . • . . . . 2». 

84. GRAMMAR OF THE SPANISH LANGUAGE, by the same . . . U 

35, 36, 3r, 38. DICTIONARY OF THE SPANISH AND ENGLISH LAN- 
GUAGES, by the same, 4 vols, in 1 . . 4#. 

39. GRAMMAR OF THE GERMAN LANGUAGE, by the Lecturer at Besau^on U, 

40. CLASISIC^L GERMAN READER, frpm the best authors, by the san^e , 1& 

41. 42, 43. DICTIONARIES OF THE ENGLISH, GERMAN, AND FRENCE 

LANGUAQES, by N. E. Hamilton, 3 vols., separately Is. each . . , 3*. 

44, 45. DICTIONARY OF THE HE]5REW ^NP ENGLISH LANGUAGES, 
containing the Biblical and Rabbinical words, 2 vols, (together with the 
Grammar, which may be had separately for Is.) by Dr. Bresslau^ 
Hebrew Professor ........... 7«. 

46. : — : r~ ENGLISH AND HEBRi;W LANGUAGES. 

Vol. III. to complete, by the same , , . . , . . , 8». 

47. FRENC5 A$rD JjJ^QUSH P5RASE BOOK ,.,.,. 1*. 



THE SERIES OF EDUCATIONAL WORKS 

Are on sale in two Jeinds of binding ; fo?* use in Colleges and Schools, 



HAMILTON'S OUTLINES OF THE HISTORY OF ENGLAND, 4 vols, in 1. 

strongly bound in cloth .'...,,... 5*. 

Ditto, in half-morocco, gilt, marbled edges . , , . 5«. 6(2. 

HISTORY OP GREECE, 2 vols, in 1, bound in clqth Ss. 6d, 

Ditto, in half-morocco, gilt, marbled edges , . . . 4«. 

HISTORY OP ROME, 2 vols, in 1, bound in cloth 3#. 6d 

Ditto, in half-morocco, gilt, marbled edges is, 

CHRONOLOGY OF CIVIL AND ECCLESIASTICAL HISTORY, LITERA- 
TURE, ART, &c., 2 vols, in 1, bound in cloth Zs. Bd. 

• Ditto, in half-morocco, gilt, and marbled edges 4«. 

CLARKE'S DICTIONARY OF THE ENGLISH LANGUAGE, bd. in cloth is. 6d. 

' , in half-morocco, gilt, marbled edges 5s, 

' , bound with Dr. CLARKE'S ENGLISH GRAMMAR, in cloth . 5s. Qd. 

, Ditto, in half-morocco, gilt, marbled edges 6». 

HAMILTON'S GREEK AND ENGLISH and ENGLISH AND GREEK 

DICTIONARY, 4 vols, in 1, bound in cloth . . . ' . . , 5s. 

' Ditto, in half-morocco, gilt, marbled edges . . . , 5s, 6d, 

Ditto, with the GREEK GRAMMAR, bound in cloth . , . 6#. 



NEW SERIES OF EDUCATIONAL WORKS. 



HAMILTON Ditto, with Ditto> in half-morocco, gilt, marbled edges . 6$, 6d, 

GOODWIN*S LATIN AND ENGLISH and ENGLISH AND LATIN 

DICTIONARY, 2 vols, in 1, bound in clbth ..... 4«. 6d. 

. »r-f- - — : — Ditto, ih half-morocco, gilt, marbled edgies . . ^ » » 5«. 

-c Ditto, with the LATIN GRAMMAR, bound in cloth s. ; ,68, 6d. 

^-^ — ' - <^ DittOi with Ditto, in half-nloi^occo, gilt^ marbled edges . . . 6#. 

IELWES'S FRENCH Al^D ENGLISH and ENGLISH AND ^RENCfl DtC)- 

TIONARY, 2 vols, in 1, in cloth . . . . . . t . 3ft 6 A 

■ • . r ■ • Ditto, in half'-morocco, gilt, marbled edges . . ^ . k 4«. 

-= — Ditto, with the FRENCH GRAMMAR, bound in cloth . , 45. M, 

. -i — • Ditto, with Ditto, in half-morocco, gilt, marbled edges . . . ; 5«. 

J^RENCH AND ENGLISH PHRASE BOOK, or Vocabulary bf all Conversa- 
tional Words, bound, to carry in the pocket ...... 1>. 8rf. 

fiLWES'S ITALIAN, ENGLISH, AND FRENCH—ENGLISH, ITALIAN, 
AND B^RENCH,— FRENCH, ITALIAN, AND ENGLISH DICl?ION- 
ARY, 3 vols, in 1, bound in cloth tav 6irf. 

ELWeS'S ITALIAN, ENGLISH. AND FRENCH— JENGLISH, ITAttAN. AND 
FRENCH— FRENCH, ITALIAN, AND ENGLISH DICTIONARY^ 
§ volsi in 1, halfmordoco, gilt, marbled edges . . » » k 8<. 6d. 

— — -= Ditto, with the GRAMMAR, bound in cloth ^ . . k 8*. 6(f. 

— — ^^- — Ditto, with Ditto, in half-morocco, gilt, marbled edg^b . ; . Ss. 6lL 

— si^ANISH AND ENGLISH and ENGLISH AND SPANISH DIC- 
TIONARY, 4 vols, in 1, boimd in cloth . . ^ ' . , . 6«. 

— ^ Ditto, in half-morocco, gilt, marbled edges . . i. k ; 5*. 6t£. 

— ' ^ Dittb, With the GRAMMAR, bound in cloth ..... 6*. 

Ditto with Ditto, in half*morocco, gilt, marbled edges w , . 6a. 6d, 



HAMILTON'S ENGLISH, GERMAN, and FRENCH,^GERMAN, FRENCH, 

AND ENGLisHi— French, German and English diction- 

ARTf, 3 vols, in 1, bound in cloth 4«. 

- ■ "' Ditto, in half-morocco, gilt, marbled edges . . ^ » 4«w 6rf. 

Ditto with the GRAMMAR, bound m cloth . . . k . ««. 

^ D^tto, with Ditto, in half-morocco^ gilt, marbled edjges . , 6«. Qd, 

BRESSLAU'S HIEBREW AND ENGLISH DICTIONARY, with the QiRAM^ 

Mar, 3 vols, in 2, bound in cloth . . » . . . . » 12$. 

Ditto, 8 vols, in 2> in half-morocco, gilt, marbled edges * * . Hi. 



Now in the course of PuhticatioTi, 

6BEEE AND LATIN CLASSICS, 

Price 1«. per Yolume, (except in some instances, and those are 1». 6d, or 2«. 
each), very neatly printed on good paper. 

A Series of Yolumes containing the principal Greek and Latin Authors, 
accompanied by Explanatory Notes in English, principally selected from the 
. best and most recent German Commentators, and comprising all those Works 
that are essential for the Scholar and the Pupil, and applicable for the Univer- 
sities of Oxford, Cambridge, Edinburgh, Glasgow, Aberdeen, and Dublin — the 
Colleges at Belfast, Cork, Gal way, Winchester, and Eton, and the great Schools 
at Harrow, Kugby, &c. — also for Private Tuition and Instruction^ and for the 
Library, 

Those that are not priced are in the Pre^s. 
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LATIN 

! A New LATIN DELECTUS, Ex- 
tracts from Classical Authors^wlth 
Vocabularies and Expiratory 
Notes Is. 

B CESAR'S COMMtlNTARIES oil 
the GALLIC WAR; with Gram- 
matical and Explanatory Notes iti. 
English, and a Geographical Index 2», 

fe CORNELIUS NEPOS; with Eng- 
lish Notes, &C. . . . .Is. 

4 VIRGIL. TheGeorgics, Bucolics, 
and doubtful Works: with English 
Notes . . * * . If. 

6 VIRGIL'S J&NEID (on the same 
plan as the preceding) . . 2«. 

6 HORACE. Odes and Epodes; with 
English Notes, and Analysis and 
explanation of the metres . . Is. 

fr HORACE. Satires and Epistles, 
with English Notes, &c. . Is. 6d. 

8 SALLU8T. Conspiracy of Catiline) 
Jugurthine War . . Is. 6(2. 

8 TERENCE. Andrea and Heauton- 
timorumenoB . , Is. 6d. 



SERIES. 

10 TERENCE. Phormio,Adelphi and 

Hecyra . » . . .2c. 

11 CICE'RO. Orations against Cati- 

line, for Sulla, for Aj-ohias, and 
for the Manilian Law. 

12 CICERO. First and Second Phi- 

lippics; Orations for Milo, f<^ 
Marcellus, &c. 

13 CICERO. DeOfficlls. 

14 CICERO. De Amicitia, de Seneo- 

tute, and Brutus . . . 2«. 

16 JUVENAL and PERSIUS. (The 
indelicate passages expunged.) 

16 LIVY. Books L to v. in two 

parts . . . . . .3c. 

17 LIVY. Books zxi; and xxiK • . Ic. 

18 TACITUS. AgricolajGermaniaj 

and Annals, Book L 

19 Selections from TIBULLUS, OVID, 2*. 

and PROPERTIUS. 

20 Selections from SUETONIUS and 

the later Latin Writers. 



GREEK SERIES, 

ON A 8IMILAE PLAN TO THE LAtiN SEEIES. 



1 INTRODUCTORY GREEK 

READER On the same plan as 
the Latin RecLder . . .Is. 

2 XENOPltON. Anabasis, i. iu iii. Is. 
8 XENOPHON. Anabasis, iv. v. vi. 

vii. . . . . . . Is. 

4 LUCIAN. Select Dialogues i .Is. 
6 HOMER. Iliad, i to yL . Is. 6d. 

6 HOMER. Iliad, vii. to xil . Is. %d. 

7 HOMER. Iliad, xiii. to xviii. \s. 6d 

8 HOMER Iliad, xix. to xxiv. Is. 6d. 
e HOMER. Odyssey, i. to vL . Is. 6d. 

10 HOMER Odyssey, vii. to xii. 1«. 6d. 

11 HOMER Odyssey,xiiltoxviiLl«. ^d. 

12 HOMER Odyssey, xix. to xxiv.; 

and Hymns . . v Is. 6d 

13 PLATO. Apology, Crito, and 

Pheedo 2*. 

14 HERODOTUS, i. ii. . . Is. 6d. 

15 HERODOTUS, iii. to iv. . Is. ^d. 

16 HERODOTUS, v. vL and part of vii. 

17 HERODOTUS. Remainder of viL 

viii and ix. 

18 SOPHOCLES; (Edipus Rex . . Is. 

19 SOPHOCLES ; (Edipus Colonseus. 

20 SOPHOCLES; Antigone. 

21 SOPHOCLES; Ajax. 

22 SOPHOCLES : Philoctetes. 



23 EURIPIDES; Hecuba . . U 

24 EURIPIDES; Medea. 

25 EURIPIDES; Hippolytus. 

26 EURIPIDES; AlcestU. . . U 

27 EURIPIDES; Orestes. 

28 EURIPIDES. Extracts firom the 

remaining plays. 

29 SOPHOCLES. Extracts ftom the 

remaining plays. 
80 -fiSCHYLUS. Prometheus Vinctua. 

31 ^:SCHYLUSv Persae. * 

32 -^SCHYLUS.Septem contra Theb«s. 

33 -afiSCHYLUS. Choephorro. 
84 ^ESCHYLUSw Eumenides. 
35 -^SCHYLUS. Agamemnon. 
86 -^SCHYLUS. Supplices. 
37 PLUTARCH. Select Lives. 
88 ARISTOPHANES. Clouds. 

39 ARISTOPHANES. Frogs. 

40 ARISTOPHANEa Selections 

from the remaining Comedies. 

41 THUCYDIDES, i. . . . U 

42 THUCYDIDES, iL 

43 THEOCRITUS, Select Idyls. 

44 PINDAR 

45 ISOCRATES. 

46 HESIOD. 
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